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ReADER’s NoTE

Reader's Note

While most NASA eclipse bulletins cover a single eclipse, this publication presents predictions for
two solar eclipses during 2010. This has required a different organization of the material into the fol-
lowing sections.

Section 1—Eclipse Predictions: The section consists of a general discussion about the eclipse path
maps, Besselian elements, shadow contacts, eclipse path tables, local circumstances tables, and the
lunar limb profile.

Section 2—Annular Solar Eclipse of 2010 Jan 15: The section covers predictions and weather prospects
for the annular eclipse.

Section 3—Total Solar Eclipse of 2010 Jul 11: The section covers predictions and weather prospects
for the total eclipse.

Section 4—Observing Eclipses: The section provides information on eye safety, solar filters, eclipse
photography, and making contact timings from the path limits.

Section 5—Eclipse Resources: The final section contains a number of resources including information
on the [AU Working Group on Eclipses, the Solar Eclipse Mailing List, the NASA eclipse bulletins
on the Internet, Web sites for the two 2010 eclipses, and a summary identifying the algorithms, eph-
emerides, and parameters used in the eclipse predictions.

Bold headers at the top of every page identify the section number and title for easy reference. This
should help the reader to quickly navigate to any section.
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PREFACE

Preface

This work is the thirteenth in a series of NASA publications containing detailed predictions, maps, and meteorological data for
future total and annular solar eclipses of interest. Published as part of NASA’s Technical Publication (TP) series, the eclipse
bulletins are prepared in cooperation with the Working Group on Eclipses of the International Astronomical Union and are
provided as a public service to both the professional and lay communities, including educators and the media. In order to allow
a reasonable lead time for planning purposes, eclipse bulletins are published 12 to 24 months before each event.

Single copies of the bulletins are available at no cost by sending a 9 x 12 inch self-addressed stamped envelope with postage
for 12 0z. (340 g). Detailed instructions and an order form can be found at the back of this publication.

The 2010 bulletin uses the World Data Bank II (WDBII) mapping database for the path figures. WDBII outline files were
digitized from navigational charts to a scale of approximately 1:3,000,000. The database is available through the Global Relief
Data CD-ROM from the National Geophysical Data Center. The highest detail eclipse maps are constructed from the Digital
Chart of the World (DCW), a digital database of the world developed by the U.S. Defense Mapping Agency (DMA). The pri-
mary sources of information for the geographic database are the Operational Navigation Charts (ONC) and the Jet Navigation
Charts (JNC). The eclipse path and DCW maps are plotted at a scale of 1:3,000,000 to 1:6,000,000 in order to show roads, cit-
ies, and villages, and lakes and rivers, making them suitable for eclipse expedition planning. Place names are from the World
Gazetteer at <http://www.world-gazetteer.com/>.

The geographic coordinates database includes over 90,000 cities and locations. This permits the identification of many more
cities within the umbral path and their subsequent inclusion in the local circumstances tables. Many of these locations are
plotted in the path figures when the scale allows. The source of these coordinates is Rand McNally’s The New International
Atlas. A subset of these coordinates is available in digital form, which has been augmented with population data.

The bulletins have undergone a great deal of change since their inception in 1993. The expansion of the mapping and geographic
coordinates databases have improved the coverage and level of detail. This renders them suitable for the accuracy required
by scientific eclipse expeditions. Some of these changes are the direct result of suggestions from the end user. Readers are
encouraged to share comments and suggestions on how to improve the content and layout in subsequent editions. Although
every effort is made to ensure that the bulletins are as accurate as possible, an error occasionally slips by. We would appreciate
your assistance in reporting all errors, regardless of their magnitude.

We thank Dr. B. Ralph Chou for a comprehensive discussion on solar eclipse eye safety (Sect. 4.1). Dr. Chou is Professor of
Optometry at the University of Waterloo with over 30 years of eclipse observing experience. As a leading authority on the
subject, Dr. Chou’s contribution should help dispel much of the fear and misinformation about safe eclipse viewing.

The NASA Eclipse Web Site provides general information on every solar and lunar eclipse occurring during the period 1901
through 2100. An online catalog also lists the date and basic characteristics of every solar and lunar eclipse from 2000 BCE
through 3000 CE. The World Atlas of Solar Eclipses provides maps for every central solar eclipse path over the same five-
millennium period. The URL of the NASA Eclipse Web Site is <http://eclipse.gsfc.nasa.gov/>.

In addition to the synoptic data provided by the Web site above, special Web sites have been prepared for the annular and total
solar eclipses of 2010. The URL of the annular eclipse Web site is <http://eclipse.gsfc.nasa.gov/SEmono/ASE2010/ASE2010.
html> The URL of the total eclipse Web site is <http://eclipse.gsfc.nasa.gov/SEmono/TSE2010/TSE2010.htmI>. These Web
sites include supplemental predictions, figures, and maps, which are not included in the present publication.

Because the eclipse bulletins have size limits, they cannot include everything needed by every scientific investigation. Some
investigators may require exact contact times, which include lunar limb effects, or times for a specific observing site not listed in
the bulletin. Other investigations may need customized predictions for an aerial rendezvous, or near the path limits for grazing
eclipse experiments. We would like to assist such investigations by offering to calculate additional predictions for any profes-
sionals or large groups of amateurs. Please contact Fred Espenak with complete details and eclipse prediction requirements.

We would like to acknowledge the valued contributions of a number of individuals who were essential to the success of this
publication. The format and content of the NASA eclipse bulletins has drawn heavily from over 40 years of eclipse Circulars
published by the U.S. Naval Observatory. We owe a debt of gratitude to past and present staff of that institution who performed
this service for so many years. The numerous publications and algorithms of Dr. Jean Meeus have served to inspire a life-long
interest in eclipse prediction. Prof. Jay M. Pasachoff reviewed the manuscript and offered many helpful suggestions. As Chair
of the International Astronomical Union’s (IAU) Working Group on Eclipses, Prof. Pasachoff maintains a general Web site at
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<http://www.eclipses.info> that links to many eclipse related Web sites. Dr. David Dunham and Mr. Paul Maley reviewed and
updated the information about eclipse contact timings. Ms. Elaine Firestone (Goddard Publications Senior Technical Editor)
meticulously reviewed the manuscript. She was responsible for the editing, two-column page layout, and for ensuring that the
bulletin conforms to NASA publication standards.

Permission is freely granted to reproduce any portion of this publication, including data, figures, maps, tables, and text. All
uses and/or publication of this material should be accompanied by an appropriate acknowledgment (e.g., “Reprinted from
NASA’s Annular and Total Solar Eclipses of 2010, Espenak and Anderson 2008”). We would appreciate receiving a copy of
any publications where this material appears.

The names and spellings of countries, cities, and other geopolitical regions are for identification purposes only. They are not
authoritative, nor do they imply any official recognition in status by the United States Government. Corrections to names,
geographic coordinates, and elevations are actively solicited in order to update the database for future bulletins. All calcula-
tions, diagrams, and opinions are those of the authors and they assume full responsibility for their accuracy.

Fred Espenak Jay Anderson

NASA Goddard Space Flight Center Royal Astronomical Society of Canada
Planetary Systems Laboratory, Code 693 189 Kingsway Ave.

Greenbelt, MD 20771 Winnipeg, MB

USA CANADA R3M 0G4

E-mail: fred.espenak@nasa.gov E-mail: jander@cc.umanitoba.ca

NASA Solar Eclipse Bulletins

NASA Eclipse Bulletin RP # Publication Date
Annular Solar Eclipse of 1994 May 10 1301 April 1993

Total Solar Eclipse of 1994 November 3 1318 October 1993
Total Solar Eclipse of 1995 October 24 1344 July 1994

Total Solar Eclipse of 1997 March 9 1369 July 1995

Total Solar Eclipse of 1998 February 26 1383 April 1996

Total Solar Eclipse of 1999 August 11 1398 March 1997
NASA Eclipse Bulletin TP # Publication Date
Total Solar Eclipse of 2001 June 21 1999-209484 November 1999
Total Solar Eclipse of 2002 December 04~ 2001-209990 October 2001
Annular and Total Solar Eclipses of 2003 2002-211618 October 2002
Total Solar Eclipse of 2006 March 29 2004-212762 November 2004
Total Solar Eclipse of 2008 August 01 2007-214149 March 2007
Total Solar Eclipse of 2009 July 22 2008-214169 March 2008
Annular and Total Solar Eclipses of 2010 2008-214171 November 2008
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EcLipse PREDICTIONS

1. Eclipse Predictions

1.1 Introduction

During 2010, there are two major eclipses of the Sun. The
first is an annular eclipse on January 15 (Section 2) and the
second is a total eclipse on July 11 (Section 3). This section is
a general description of the tables, maps, and figures appearing
in the later sections for each eclipse.

For simplicity, the term “umbral” will be used when
referring to either the “umbral” (total eclipse) or “antumbral”
(annular eclipse) shadow or path.

1.2 Orthographic Projection Maps

Figures 2.1 and 3.1 feature an orthographic projection map
of Earth (adapted from Espenak 1987) for the annular (Jan 15)
and total (Jul 11) eclipses, respectively. Each map shows the
path of penumbral (partial eclipse) and umbral shadows (an-
nular or total eclipse). The daylight terminator is plotted for
the instant of greatest eclipse with north at the top. The map
is centered over the point of greatest eclipse and is indicated
with an asterisk symbol. The subsolar point (Sun in zenith) at
that instant is also shown.

The limits of the Moon’s penumbral shadow define the
region of visibility of the partial eclipse. This saddle-shaped
region often covers more than half of Earth’s daylight hemi-
sphere and consists of several distinct zones or limits. At
the northern and/or southern boundaries lie the limits of the
penumbra’s path. Partial eclipses have only one of these limits,
as do umbral eclipses when the shadow axis falls no closer
than about 0.45 radii from Earth’s center. Great loops at the
western and eastern extremes of the penumbra’s path identify
the areas where the eclipse begins and ends at sunrise and
sunset, respectively.

In the case of the 2010 annular eclipse (Figure 2.1), the
penumbra has both a northern and southern limit, so that the
rising and setting curves form two separate, closed loops. In
comparison, the penumbral shadow of the 2010 total eclipse
(Figures 3.1) has no southern limit; its southern edge falls off
Earth so the southern penumbral path is bounded by Earth’s
terminator.

Bisecting the “eclipse begins and ends at sunrise and sun-
set” loops is the curve of maximum eclipse at sunrise (western
loop) and sunset (eastern loop). The exterior tangency points
PI and P4 mark the coordinates where the penumbral shadow
first contacts (partial eclipse begins) and last contacts (partial
eclipse ends) Earth’s surface. The path of the umbral shadow
bisects the penumbral path from west to east.

A curve of maximum eclipse is the locus of all points
where the eclipse is at maximum at a given time. They are
plotted at each half hour in Universal Time, and generally run
in a north-south direction. The outline of the umbral shadow
is plotted every 15 min in Universal Time. Curves of constant
eclipse magnitude' delineate the locus of all points where the

1. Eclipse magnitude is defined as the fraction of the Sun’s diameter
occulted by the Moon. It is strictly a ratio of diameters and should not

magnitude at maximum eclipse is constant. These curves run
exclusively between the curves of maximum eclipse at sunrise
and sunset. Furthermore, they are quasi-parallel to the southern
penumbral limit. This limit may be thought of as a curve of
constant magnitude of 0.0, while the adjacent curves are for
magnitudes of 0.2, 0.4, 0.6, and 0.8. The northern and south-
ern limits of the path of total eclipse are curves of constant
magnitude of 1.0.

At the top of Figures 2.1 and 3.1, the Universal Time of
geocentric conjunction in ecliptic coordinates between the
Moon and Sun is given (i.e., instant of New Moon) followed by
the instant of greatest eclipse. The eclipse magnitude is given
for greatest eclipse. It is equivalent to the topocentric ratio of
diameters of the Moon and Sun. Gamma is the minimum dis-
tance of the Moon’s shadow axis from Earth’s center in units of
equatorial Earth radii. Finally, the Saros series number of the
eclipse is given along with its relative sequence in the series.

In the upper left and right corners are the geocentric co-
ordinates of the Sun and Moon, respectively, at the instant of
greatest eclipse. They are:

R.A.—Right Ascension
Dec.—Declination
S.D.—Apparent Semi-Diameter
H.P.—Horizontal Parallax

To the lower left are the exterior/interior contact times
of the Moon’s penumbral shadow with Earth, which are de-
fined:

P1—Instant of first exterior tangency of Penumbra with
Earth’s limb. (Partial Eclipse Begins)

P2—Instant of first interior tangency of Penumbra with
Earth’s limb.

P3—Instant of last interior tangency of Penumbra with
Earth’s limb.

P4—Instant of last exterior tangency of Penumbra with
Earth’s limb. (Partial Eclipse Ends)

Notall eclipses have P2 and P3 penumbral contacts. They
are only present in cases where the penumbral shadow falls
completely within Earth’s disk. For instance, the 2010 annular
eclipse (Jan 15) has all four penumbral contacts, but the total
eclipse (Jul 11) only has P1 and P4. The lower right corner lists
exterior/interior contact times of the Moon’s umbral shadow
with Earth’s limb which are defined as follows:

Ul—Instant of first exterior tangency of Umbra with Earth’s
limb. (Umbral [Total/Annular] Eclipse Begins)

U2—Instant of first interior tangency of Umbra with Earth’s
limb.

U3—Instant of last interior tangency of Umbra with Earth’s
limb.

U4—Instant of last exterior tangency of Umbra with Earth’s
limb. (Umbral [Total/Annular] Eclipse Ends)

be confused with eclipse obscuration, which is a measure of the Sun’s
surface area occulted by the Moon. Eclipse magnitude is usually ex-
pressed as a decimal fraction (e.g., 0.50 for 50%).

ANNULAR AND ToTAL SoLaR EcLipses oF 2010 1
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At bottom center are the geographic coordinates of the
position of greatest eclipse, along with the local circumstances
at that location (i.e., Sun altitude, Sun azimuth, path width,
and duration of totality/annularity). At bottom left are a list of
parameters used in the eclipse predictions, while bottom right
gives the Moon’s geocentric libration (optical + physical) at
greatest eclipse.

1.3 Equidistant Conic Projection Maps of the
Eclipse Paths

Figures 2.2 and 2.6 (Jan 15 annular) are maps that use an
equidistant conic projection chosen to minimize distortion,
and that isolate the land portions of the annular path. Curves
of maximum eclipse are plotted and labeled at intervals of
30min, while curves of constant eclipse magnitude appear
at intervals of 0.1 magnitudes. A linear scale is included for
estimating approximate distances (in kilometers). Within the
northern and southern limits of the path of annularity, the out-
line of the antumbral shadow is plotted at intervals of 15 min.
The Universal Time, the duration of annularity (in minutes
and seconds), and the Sun’s altitude are given at mid-eclipse
for each shadow position.

1.4 Detailed Maps of the Eclipse Paths

The path of annularity or totality is plotted on a series of
detailed maps appearing in Figures 2.3 t0 2.5,2.7to 2.14 (Jan 15
annular), and Figures 3.2 to 3.6 (Jul 11 total). The maps were
chosen to isolate small regions of each eclipse path over the
entire land portion of the tracks and to include ocean sections
containing islands. Curves of maximum eclipse are plotted at
5 min or shorter intervals along each path and labeled with
the Universal Time, the central line duration of annularity or
totality, and the Sun’s altitude. The maps are constructed from
the Digital Chart of the World (DCW), a digital database of
the world developed by the U.S. Defense Mapping Agency
(DMA). The primary sources of information for the geographic
database are the Operational Navigation Charts (ONC) and the
Jet Navigation Charts (JNC) developed by the DMA.

The scale varies from map to map depending partly on
the population density and accessibility. The scale is adequate
for showing the roads, villages, and cities required for eclipse
expedition planning. The DCW database used for the maps
was developed in the 1980s and contains place names in use
during that period. Whenever possible, the DCW place names
have been replaced with current names in use from the World
Gazetteer at <http://www.world-gazetteer.com/>.

While Tables 2.1 to 2.6 (Jan 15 annular) and Tables 3.1 to
3.6 (Jul 11 total) deal with eclipse elements and specific charac-
teristics of the path calculated at 5 min intervals, the northern
and southern limits, as well as the central line of the path, are
plotted using data generated at a higher cadence. These map-
ping data are available at the NASA Web sites for the 2010 an-
nular eclipse <http://eclipse.gsfc.nasa.gov/SEmono/ASE2010/
ASE2010.htmlI>, and the 2010 total eclipse <http://eclipse.gsfc.
nasa.gov/SEmono/TSE2010/TSE2010.html>.

Although no corrections have been made for center of
figure or lunar limb profile, they have no observable effect
at the scale of the maps. Atmospheric refraction has not been
included, as it plays a significant role only at very low solar
altitudes.- The primary effect of refraction is to shift the path
opposite to that of the Sun’s local azimuth. This amounts to
approximately 0.5° at the extreme ends, i.e., sunrise and sunset,
of the umbral path. In any case, refraction corrections to the
path are uncertain because they depend on the atmospheric
temperature-pressure profile, which cannot be predicted
in advance. A special feature of the maps are the curves of
constant umbral (annular or total) eclipse duration which are
plotted within the path at 1 or 2 min increments. These curves
permit fast determination of approximate durations without
consulting any tables.

Major highways are delineated in dark broad lines, but
secondary and soft-surface roads are not distinguished, so
caution should be used in this regard. If observations from the
graze zones are planned, then the zones of grazing eclipse must
be plotted on higher scale maps using graze path coordinates,
which are available at the NASA Web sites for the 2010 annu-
lar eclipse <http://eclipse.gsfc.nasa.gov/SEmono/ASE2010/
ASE2010.htmlI>, and the 2010 total eclipse <http://eclipse.gsfc.
nasa.gov/SEmono/TSE2010/TSE2010.htmI>. See Sect. 4.5
“Plotting Eclipse Paths on Maps” for sources and more infor-
mation. The paths also show the curves of maximum eclipse
at Smin increments in Universal Time. The maps are also
available at the NASA Web site for the 2010 solar eclipses.

1.5 Elements, Shadow Contacts, and Eclipse
Path Tables

The geocentric ephemeris for the Sun and Moon, various
parameters, constants, and the Besselian elements (polynomial
form) are given in Tables 2.1 (Jan 15 annular) and 3.1 (Jul 11
total). The eclipse elements and predictions were derived from
the DE200 and LE200 ephemerides (solar and lunar, respec-
tively) developed jointly by NASA’s Jet Propulsion Laboratory
(JPL) and the U.S. Naval Observatory for use in the Astronomi-
cal Almanac beginning in 1984. Unless otherwise stated, all
predictions are based on center of mass positions for the Moon
and Sun with no corrections made for center of figure, lunar
limb profile, or atmospheric refraction. The predictions depart
from normal International Astronomical Union (IAU) conven-
tion through the use of a smaller constant for the mean lunar
radius & for all umbral contacts (see Sect. 1.8 “Lunar Limb
Profile”). Times are expressed in either Terrestrial Dynamical
Time (TDT) or in Universal Time (UT), where the best value
of AT (the difference between Terrestrial Dynamical Time and
Universal Time) available at the time of preparation, is used.

The Besselian elements are used to predict all aspects
and circumstances of a solar eclipse. The simplified geometry
introduced by Bessel in 1824 transforms the orbital motions
of the Sun and Moon into the position, motion, and size of
the Moon’s penumbral and umbral shadows with respect to
a plane passing through Earth. This fundamental plane is
constructed in an x—y rectangular coordinate system with its

2 ANNULAR AND ToTAL SoLAR EcLipses oF 2010
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origin at Earth’s center. The axes are oriented with north in
the positive y direction and east in the positive x direction. The
z-axis is perpendicular to the fundamental plane and parallel
to the shadow axis.

The x and y coordinates of the shadow axis are expressed
in units of the equatorial radius of Earth. The radii of the
penumbral and umbral shadows on the fundamental plane are
[, and /,, respectively. The direction of the shadow axis on the
celestial sphere is defined by its declination d and ephemeris
hour angle x. Finally, the angles that the penumbral and umbral
shadow cones make with the shadow axis are expressed as f,
and f,, respectively. The details of actual eclipse calculations
can be found in the Explanatory Supplement (Her Majesty’s
Nautical Almanac Office 1974) and Elements of Solar Eclipses
(Meeus 1989).

From the polynomial form of the Besselian elements, any
element can be evaluated for any time ¢, (in decimal hours)
during the eclipse via the equation

a=a,+at+a,t’+a,t’ )

(ora=73[a,t"]; n=0to 3),

wherea=x,y,d,[,,1,,or u;and t=t,—t, (decimal hours) and ¢,
=7.00 TDT (Jan 15 annular) or #,= 20.00 TDT (Jul 11 total).

The polynomial Besselian elements were derived from
a least-squares fit to elements rigorously calculated at five
separate times over a 6 h period centered at ¢,

Tables 2.2 (Jan 15 annular) and 3.2 (Jul 11 total) lists all ex-
ternal and internal contacts of penumbral and umbral shadows
with Earth. They include TDT and geodetic coordinates with
and without corrections for AT. The contacts are defined:

P1—Instant of first external tangency of penumbral shadow
cone with Earth’s limb (partial eclipse begins).

P2—Instant of first internal tangency of penumbral shadow
cone with Earth’s limb.

P3—Instant of last internal tangency of penumbral shadow
cone with Earth’s limb.

P4—Instant of last external tangency of penumbral shadow
cone with Earth’s limb (partial eclipse ends).

Ul—Instant of first external tangency of umbral shadow cone
with Earth’s limb (annular or total eclipse begins).

U2—Instant of first internal tangency of umbral shadow cone
with Earth’s limb.

U3—Instant of last internal tangency of umbral shadow cone
with Earth’s limb.

U4—Instant of last external tangency of umbral shadow cone
with Earth’s limb (annular or total eclipse ends).

Similarly, the northern and southern extremes of the pen-
umbral and umbral paths, and extreme limits of the central line
are given. The TAU longitude convention is used throughout
this publication (i.e., for longitude, east is positive and west is
negative; for latitude, north is positive and south is negative).

The path of the umbral shadow is delineated at 5 min in-
tervals (in Universal Time) in Tables 2.3 and 3.3. Coordinates
of the northern limit, the southern limit, and the central line
are listed to the nearest tenth of an arc minute (~185m at the
equator). The Sun’s altitude, path width, and duration are cal-

culated for the central line position. Tables 2.4 and 3.4 present
a physical ephemeris for the umbral shadow at 5 min intervals
in Universal Time. The central line coordinates are followed
by the topocentric ratio of the apparent diameters of the Moon
and Sun, the eclipse obscuration (defined as the fraction of the
Sun’s surface area occulted by the Moon), and the Sun’s altitude
and azimuth at that instant. The umbral path width, the umbral
shadow’s major and minor axes, and its instantaneous velocity
with respect to Earth’s surface are included. Finally, the central
line duration of the annular or total phase is given.

Local circumstances for each central line position, listed
in Tables 2.3 and 3.3, are presented in Tables 2.5 and 3.5,
respectively. The first three columns give the Universal Time
of maximum eclipse, the central line duration of annularity or
totality, and the altitude of the Sun at that instant. The following
columns list each of the four eclipse contact times followed
by their related contact position angles and the corresponding
altitude of the Sun. The four contacts identify significant stages
in the progress of the eclipse. They are defined as follows:

First Contact: Instant of first external tangency between the
Moon and Sun (partial eclipse begins).

Second Contact: Instant of first internal tangency between
the Moon and Sun (annular or total eclipse begins).

Third Contact: Instant of last internal tangency between the
Moon and Sun (annular or total eclipse ends).

Fourth Contact: Instant of last external tangency between
the Moon and Sun (partial eclipse ends).

The position angles P and V (where P is defined as the
contact angle measured counterclockwise from the equatorial
north point of the Sun’s disk, and V is defined as the contact
angle measured counterclockwise from the local zenith point
of the Sun’s disk) identify the point along the Sun’s disk where
each contact occurs. Second and third contact altitudes are
omitted because they are always within 1° of the altitude at
maximum eclipse.

Tables 2.6 and 3.6 present topocentric values from the
umbral path at maximum eclipse for the Moon’s horizontal
parallax, semi-diameter, relative angular velocity with respect
to the Sun, and libration in longitude. The altitude and azimuth
of the Sun are given along with the azimuth of the umbral
path. The northern limit position angle identifies the point on
the lunar disk defining the umbral path’s northern limit. It is
measured counterclockwise from the equatorial north point
of the Moon. In addition, corrections to the path limits due
to the lunar limb profile are listed (minutes of arc in latitude).
The irregular profile of the Moon results in a zone of “graz-
ing eclipse” at each limit, which is delineated by interior and
exterior contacts of lunar features with the Sun’s limb.

1.6 Local Circumstances Tables

Local circumstances for several hundred cities; metropoli-
tan areas, and places are presented in Tables 2.7 to 2.15 (Jan
15 annular), and Table 3.7 (Jul 11 total). The tables give the
local circumstances at each contact and at maximum eclipse
for every location. (For partial eclipses, maximum eclipse is
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the instant when the greatest fraction of the Sun’s diameter is
occulted. For annular and total eclipses, maximum eclipse is
the instant of mid-annularity or mid-totality.) The coordinates
are listed along with the location’s elevation (in meters) above
sea level, if known. If the elevation is unknown (i.e., not in the
database), then the local circumstances for that location are
calculated at sea level. The elevation does not play a significant
role in the predictions unless the location is near the umbral
path limits or the Sun’s altitude is relatively small (<10°).

The Universal Time of each contact is given to a tenth of a
second, along with position angles P and V and the altitude of
the Sun. The position angles identify the point along the Sun’s
disk where each contact occurs and are measured counterclock-
wise (i.e., eastward) from the north and zenith points, respec-
tively. Locations outside the umbral path miss the annular or
total eclipse and only witness first and fourth contacts. The
Universal Time of maximum eclipse (either partial or total) is
listed to a tenth of a second. Next, the position angles P and V
of the Moon’s disk with respect to the Sun are given, followed
by the altitude and azimuth of the Sun at maximum eclipse.
Finally, the corresponding eclipse magnitude and obscuration
are listed. For umbral eclipses (both annular and total), the
eclipse magnitude is identical to the topocentric ratio of the
Moon’s and Sun’s apparent diameters.

Two additional columns are included if the location lies
within the path of the Moon’s umbral shadow. The “umbral
depth” is a relative measure of a location’s position with respect
to the central line and path limits. It is a unit less parameter,
which is defined as

u=1-Q2x/w), ()]

where:

u is the umbral depth,

x is the perpendicular distance from the central line in
kilometers, and

W is the width of the path in kilometers.

The umbral depth for a location varies from 0.0 to 1.0. A
position at the path limits corresponds to a value of 0.0, while
a position on the central line has a value of 1.0. The parameter
can be used to quickly determine the corresponding central line
duration; thus, it is a useful tool for evaluating the trade-off
in duration of a location’s position relative to the central line.
Using the location’s duration and umbral depth, the central
line duration is calculated as

D=d/[l - (1 -u?]"?, 3)

where:

D is the duration of annularity or totality on the central
line (in seconds),

d is the duration of annularity or totality at location (in
seconds), and

u is the umbral depth.

The final column gives the duration of annularity or total-
ity. The effects of refraction have not been included in these
calculations, nor have there been any corrections for center of
figure or the lunar limb profile.

Locations were chosen based on general geographic dis-
tribution, population, and proximity to the path. The primary
source for geographic coordinates is The New International At-
las (Rand McNally 1991). Elevations for major cities were taken
from Climates of the World (U.S. Dept. of Commerce, 1972).
In this rapidly changing political world, it is often difficult to
ascertain the correct name or spelling for a given location;
therefore, the information presented here is for location pur-
poses only and is not meant to be authoritative. Furthermore,
it does not imply recognition of status of any location by the
United States Government. Corrections to names, spellings,
coordinates, and elevations should be forwarded to the authors
in order to update the geographic database for future eclipse
predictions.

1.7 Mean Lunar Radius

A fundamental parameter used in eclipse predictions is
the Moon’s radius &, expressed in units of Earth’s equato-
rial radius. The Moon’s actual radius varies as a function of
position angle and libration because of the irregularity in the
limb profile. From 1968 to 1980, the Nautical Almanac Office
used two separate values for £ in their predictions. The larger
value (k=0.2724880), representing a mean over topographic
features, was used for all penumbral (exterior) contacts and for
annular eclipses. A smaller value (k=0.272281), representing
a mean minimum radius, was reserved exclusively for umbral
(interior) contact calculations of total eclipses (Explanatory
Supplement, Her Majesty’s Nautical Almanac Office, 1974).
Unfortunately, the use of two different values of & for um-
bral eclipses introduces a discontinuity in the case of hybrid
(annular-total) eclipses.

In 1982, the IAU General Assembly adopted a value of
k=0.2725076 for the mean lunar radius. This value is now used
by the Nautical Almanac Office for all solar eclipse predictions
(Fiala and Lukac 1983) and is currently accepted as the best
mean radius, averaging mountain peaks and low valleys along
the Moon’s rugged limb. The adoption of one single value for &
eliminates the discontinuity in the case of hybrid eclipses and
ends confusion arising from the use of two different values;
however, the use of even the “best” mean value for the Moon’s
radius introduces a problem in predicting the true character and
duration of umbral eclipses, particularly total eclipses.

During a total eclipse, the Sun’s disk is completely
occulted by the Moon. This cannot occur so long as any
photospheric rays are visible through deep valleys along the
Moon’s limb (Meeus et al. 1966). The use of the IAU’s mean
k, however, guarantees that some annular or hybrid eclipses
will be misidentified as total. A case in point is the eclipse of
1986 October 03. Using the IAU value for £, the Astronomical
Almanac identified this event as a total eclipse of 3 s duration
when it was, in fact, a beaded annular eclipse. Because a
smaller value of & is more representative of the deeper lunar
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valleys and hence, the minimum solid disk radius, it helps
ensure an eclipse’s correct classification.

Of primary interest to most observers are the times when
an umbral eclipse begins and when it ends (second and third
contacts, respectively), and the duration of the umbral phase.
When the [AU’s value for £ is used to calculate these times, they
must be corrected to accommodate low valleys (total) or high
mountains (annular) along the Moon’s limb. The calculation
of these corrections is not trivial, but is necessary, especially
if one plans to observe near the path limits (Herald 1983). For
observers near the central line of a total eclipse, the limb cor-
rections can be more closely approximated by using a smaller
value of &, which accounts for the valleys along the profile.

This publication uses the IAU’s accepted value of
k=0.2725076 for all penumbral (exterior) contacts. In order to
avoid eclipse type misidentification and to predict umbral dura-
tions, which are closer to the actual durations at total eclipses,
this document departs from AU convention by adopting the
smaller value of k=0.272281 for all umbral (interior) contacts.
This is consistent with predictions in Fifty Year Canon of
Solar Eclipses: 1986—2035 (Espenak 1987) and Five Millen-
nium Canon of Solar Eclipses: —1999 to +3000 (Espenak and
Meeus 2006). Consequently, the smaller £ value produces
shorter umbral durations and narrower paths for total eclipses
when compared with calculations using the IAU value for £.
Similarly, predictions using a smaller & value results in longer
umbral durations and wider paths for annular eclipses than do
predictions using the [AU’s k value.

1.8 Lunar Limb Profile

Eclipse contact times, magnitude, and duration of an-
nularity or totality all depend on the angular diameters and
relative velocities of the Moon and Sun. Unfortunately, these
calculations are limited in accuracy by the departure of the
Moon’s limb from a perfectly circular figure. The Moon’s
surface exhibits a dramatic topography, which manifests itself
as an irregular limb when seen in profile. Most eclipse calcula-
tions assume some mean radius that averages high mountain
peaks and low valleys along the Moon’s rugged limb. Such an
approximation is acceptable for many applications, but when
higher accuracy is needed, the Moon’s actual limb profile must
be considered. Fortunately, an extensive body of knowledge
exists on this subject in the form of Watts’s limb charts (Watts
1963). These data are the product of a photographic survey of
the marginal zone of the Moon and give limb profile heights
with respect to an adopted smooth reference surface (or
datum).

Analyses of lunar occultations of stars by Van Flandern
(1970) and Morrison (1979) showed that the average cross sec-
tion of Watts’s datum is slightly elliptical rather than circular.
Furthermore, the implicit center of the datum (i.e., the center
of figure) is displaced from the Moon’s center of mass.

In a follow-up analysis of 66,000 occultations, Morrison
and Appleby (1981) found that the radius of the datum appears
to vary with libration. These variations produce systematic er-
rors in Watts’s original limb profile heights that attain 0.4 arcsec

at some position angles, thus, corrections to Watts’s limb data
are necessary to ensure that the reference datum is a sphere
with its center at the center of mass.

The Watts charts were digitized by Her Majesty’s Nautical
Almanac Office (then in Herstmonceux, England), and trans-
formed to grid-profile format at the U.S. Naval Observatory.
In this computer readable form, the Watts limb charts lend
themselves to the generation of limb profiles for any lunar
libration. Ellipticity and libration corrections may be applied
to refer the profile to the Moon’s center of mass. Such a profile
can then be used to correct eclipse predictions, which have
been generated using a mean lunar limb.

Figures 2.15 and 3.7 give the limb profiles for the 2010
annular and total eclipses, respectively, for single location and
time. The radial scale of the limb profiles (at bottom of each
figure) is greatly exaggerated so that the true limb’s departure
from the mean lunar limb is readily apparent. The mean limb
with respect to the center of figure of Watts’s original data is
shown (dashed curve) along with the mean limb with respect
to the center of mass (solid curve). Note that all the predictions
presented in this publication are calculated with respect to the
latter limb unless otherwise noted. Position angles of various
lunar features can be read using the protractor marks along
the Moon’s mean limb (center of mass). The position angles of
second and third contact are clearly marked, as are the north
pole of the Moon’s axis of rotation and the observer’s zenith
at mid-totality. The dashed line with arrows at either end
identifies the contact points on the limb corresponding to the
northern and southern limits of the path. To the upper left of
the profile, are the Sun’s topocentric coordinates at maximum
eclipse. They include the right ascension (R.A4.), declination
(Dec.), semi-diameter (S.D.), and horizontal parallax (H.P.) The
corresponding topocentric coordinates for the Moon are to the
upper right. Below and left of the profile are the geographic
coordinates of the central line at selected locations, while the
times of the four eclipse contacts at each location appear to
the lower right. The limb-corrected times of second and third
contacts are listed with the applied correction to the center of
mass prediction.

Directly below the limb profile are the local circumstances
at maximum eclipse. They include the Sun’s altitude and azi-
muth, the path width, and umbral duration. The position angle
of the path’s northern-to-southern limit axis is PA(N.Limit)
and the angular velocity of the Moon with respect to the Sun
is A.Vel.(M:S). At the bottom left are a number of parameters
used in the predictions, and the topocentric lunar librations
appear at the lower right.

In investigations where accurate contact times are needed,
the lunar limb profile can be used to correct the nominal or
mean limb predictions. For any given position angle, there will
be a high mountain (annular eclipses) or a low valley (total
eclipses) in the vicinity that ultimately determines the true
instant of contact. The difference, in time, between the Sun’s
position when tangent to the contact point on the mean limb
and tangent to the highest mountain (annular) or lowest valley
(total) at actual contact is the desired correction to the predicted
contact time. On the exaggerated radial scale of Figures 2.15
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and 3.7, the Sun’s limb can be represented as an epicyclic curve
that is tangent to the mean lunar limb at the point of contact
and departs from the limb by / through

h=S (m-1) (1-cos[C]), ©)

where:
h is the departure of Sun’s limb from mean lunar limb,
S is the Sun’s semi-diameter,
m is the eclipse magnitude, and
C is the angle from the point of contact.

Herald (1983) takes advantage of this geometry in develop-
ing a graphic procedure for estimating correction times over a
range of position angles. Briefly, a displacement curve of the
Sun’s limb is constructed on a transparent overlay by way of
equation (9). For a given position angle, the solar l[imb overlay
is moved radially from the mean lunar limb contact point until
it is tangent to the lowest lunar profile feature in the vicinity.
The solar limb’s distance d (in arc seconds) from the mean
lunar limb is then converted to a time correction & by

d=d/W cos[X-C], (10)

where:
d is the correction to contact time (in seconds),

d is the distance of solar limb from Moon’s mean limb (in
arc seconds),

v is the angular velocity of the Moon with respect to the
Sun (arc seconds per second),

X is the central line position angle of the contact, and

C is the angle from the point of contact.

This operation may be used for predicting the formation and
location of Baily’s beads. When calculations are performed
over a large range of position angles, a contact time correction
curve can then be constructed.

Because the limb profile data are available in digital
form, an analytical solution to the problem is possible that is
quite straightforward and robust. Curves of corrections to the
times of second and third contact for most position angles have
been computer generated and are plotted in Figures 2.15 and
3.7. The circular protractor scale at the center represents the
nominal contact time using a mean lunar limb. The departure
of the contact correction curves from this scale graphically
illustrates the time correction to the mean predictions for any
position angle as a result of the Moon’s true limb profile. Time
corrections external to the circular scale are added to the mean
contact time; time corrections internal to the protractor are
subtracted from the mean contact time. The magnitude of the
time correction at a given position angle is measured using any
of the four radial scales plotted at each cardinal point.
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2. Annular Solar Eclipse of 2010 Jan 15

2.1 Introduction

On Friday, 2010 January 15, an annular eclipse of the Sun
is visible from within a 300 km wide track that traverses half
of Earth. The path of the Moon’s antumbral shadow begins in
Africa and passes through Chad, Central African Republic,
Democratic Republic of the Congo, Uganda, Kenya, and So-
malia. After leaving Africa, the path crosses the Indian Ocean
where the maximum duration of annularity reaches 11 min
08 s (Espenak 1987). The central path then continues into Asia
through Bangladesh, India, Burma (Myanmar), and China.
A partial eclipse is seen within the much broader path of the
Moon’s penumbral shadow, which includes eastern Europe,
most of Africa, Asia, and Indonesia (Figure 2.1).

2.2 Antumbral Path and Visibility

Earth reaches perihelion on Jan 03, just 12 days before
the annular eclipse, so the Sun is nearly at its maximum ap-
parent diameter. The Moon passes through apogee on Jan 17
(01:41 UT) so it is close to its minimum apparent diameter
during the eclipse. The combination of these factors results
in an unusually wide path of annularity.

The track of the Moon’s shadow begins in western-most
Central African Republic (Figure 2.2) at 05:14 UT. The eclipse
path is 371 km wide at its start as the antumbra quickly travels
east-southeast.

The northern edge of the path begins in southern Chad
(Figure 2.3), but quickly crosses into the Central African
Republic (CAR). Bangui, the capital of, and the largest city
in, the CAR, lies 150 km south of the central line. Its 500,000
inhabitants witness a 4 min 0 s annular eclipse with the Sun
just 4° above the eastern horizon at 05:17 UT. To the north,
the duration on the central line is 7 min 18 s. At this instant,
the enormous antumbral shadow is racing across the African
continent with a velocity exceeding 10 km/s, but its speed is
dropping fast.

When the central line crosses into the Democratic Re-
public of the Congo (DRC) at 05:19 UT, the duration hits
7 min 30 s and the Sun’s altitude is 8°. DRC’s capital city,
Kisangani, is 115 km south of the southern limit (Figure 2.4).
Its population of more than 7 million must be content with a
partial eclipse of 0.88.

Continuing eastward, the shadow enters Uganda and
engulfs Lake Albert and Kabarega National Park (05:23 UT).
The central line duration now tops 8 min, the Sun stands 17°
above the horizon, and the antumbral velocity is 2.3 km/s.
Uganda’s capital, Kampala, with a population of 1.2 million,
is 60 km south of the central line but still deep in the annular
path. The central phase of the eclipse lasts 7 min 36 s in Kam-
pala, while the central line duration is 8 min 12 s. The northern
half of Lake Victoria, Africa’s largest lake, also extends into
the antumbral track.

At 05:27 UT, the central line exits Uganda and enters Ke-
nya (Figure 2.5). Many of Kenya’s national parks and wildlife

reserves fall within the annular path including Mt. Elgon, Keno
Valley, Samburu, Mt. Kenya, Lake Nakuru, Meru, Kora, and
Tsavo East. The southern edge of the path bisects Masai Mara
Game Reserve. Nairobi, Kenya’s capital of 2.9 million people,
stands within 100 km of the central line and experiences 6 min
54 s of annularity. Due north of Nairobi on the central line,
the duration is 8 min 32 s, the Sun is 25° above the horizon,
and the antumbral velocity is 1.5 km/s (05:30 UT). The long
duration implies that the Moon appears considerably smaller
than the Sun. Indeed, the lunar diameter is only 0.912 of the
Sun’s disk, obscuring just 0.832 of the Sun’s surface area.
Most people will not even be aware of any local darkening at
maximum eclipse unless it is pointed out.

The Moon’s shadow continues through Kenya as its north-
ern half briefly enters southernmost Somalia. As the central
line exits Kenya and heads across the Indian Ocean (05:37 UT),
its annular duration is 1 s shy of 9 min. For the next 2 h, the
antumbra crosses the Indian Ocean, its course slowly curving
from east-southeast to northeast. The Seychelles lie just outside
of the track and get a deep partial eclipse of magnitude 0.907
at 06:09 UT.

The instant of greatest eclipse occurs at 07:06:33 UT
(latitude 01° 37°N, longitude 69° 17°E) when the axis of the
Moon’s shadow passes closest to the center of Earth (gamma' =
+0.40016). The maximum duration of annularity here is 11 min
08 s, the Sun’s altitude is 66°, the path width is 333 km, and the
antumbra’s velocity is 0.46 km/s. Although the Moon’s rela-
tive diameter to the Sun (0.919) is slightly larger than it was in
Kenya, its relative motion is considerably smaller due in larger
part to Earth’s rotation along with the antumbral, making the
central duration several minutes longer. This is, in fact, the
longest annular eclipse of the 3rd Millennium—its duration
will not be exceeded until the year 3043.

Although the eclipse is half over, it must now traverse
southern Asia before reaching its terminus (Figure 2.6). The
next landfall occurs at about 07:26 UT when the shadow sweeps
over the Maldive Islands (Figure 2.7). The capital city of Malé is
just 22 km from the central line so it experiences a long annular
duration of 10 min 45 s. This is the longest duration of any city
having an international airport in the eclipse track.

The path finally reaches Asia as the central line passes
directly between the southern tip of India and northern Sri
Lanka. Both regions lie within the path (Figure 2.8) although
Sri Lanka’s capital city Colombo (pop. 640,000) is outside
the southern limit and receives a partial eclipse of magnitude
0.902 at 07:49 UT.

Leaving the Indian subcontinent, the antumbra crosses
the Bay of Bengal before its central axis reaches the southwest
coast of Burma (Myanmar) at 08:33 UT (Figure 2.9). The cen-
tral line duration is 08 m 47 s, the solar altitude is 34°, the path
width is 834 km, and the velocity is 1.1 km/s. The northern
edge of the shadow briefly enters Bangladesh and southeastern

1 Gamma is the perpendicular distance of the Moon’s shadow axis
from Earth’s center in units of equatorial Earth radii. It is measured
when the distance to the geocenter reaches a minimum (i.e., instant of
greatest eclipse).

ANNULAR AND ToTAL SoLAR EcLipses oF 2010 7



ANNULAR SoLAR EcLiPse oF 2010 JANUARY 15

India before returning completely into Burma. Mandalay is
75 km south of the central line where its 0.9 million inhabitants
experience a 7 min 35 s annular phase centered at 08:38 UT.

At 08:41 UT, the antumbra’s central line enters China, the
largest and final country in the track. The shadow crosses the
southern foot of the Himalayas through Yunnan and Sichuan
provinces (Figures 2.10 and 2.11). Chongqing (urban popula-
tion 2.2 million) is the largest and most populous of China’s
four provincial-level municipalities. It lies directly on the
central line where the duration is 7 min 50 s and the Sun’s
altitude is 15°.

As the curvature of Earth brings the planet’s surface far-
ther from the Moon and at an increasingly oblique angle, the
duration of annularity and the Sun’s altitude decrease, while
the antumbra’s ground velocity increases. Racing through parts
of Shaanxi, and Hubei provinces (Figures 2.12 and 2.13), the
northern antumbra engulfs Zhenzhou, the capital city of Henan
province. The Sun is 7° during a 4 min 30 s annular phase. On
the central line 145 km to the southeast, the duration is still
7 min 27 s while the shadow’s velocity is 6.6 km/s.

In its final moments, the antumbra enters Shandong prov-
ince and the lower reaches of the Yellow River (Figure 2.14).
The track travels down the Shandong Peninsula where it ends
as the Moon’s shadow lifts off Earth (08:59 UT). During the
course of its 3 h 45 min trajectory, the antumbra’s track is ap-
proximately 12,900 km long, which covers 0.87% of Earth’s
surface area. It will be 29 months before the next annular solar
eclipse occurs on 2012 May 20.

2.3 Maps of the Annular Eclipse Path

Maps of the Jan 15 annular eclipse path are given in Fig-
ures 2.1 through 2.14. Figure 2.1 is an orthographic projection
map of Earth showing the path of penumbral (partial) and an-
tumbral (annular) eclipse. The limits of the Moon’s penumbral
shadow define the region of visibility of the partial eclipse.
The much narrower path of the antumbral shadow defines the
zone where the annular eclipse is visible. For a more detailed
description of Figure 3.1, see Section 1.2.

Figures 2.2 through 2.14 offer more detailed maps of the
entire land portion of the path of annularity, as well as ocean
sections of the track containing islands. A complete description
of these figures can be found in Sections 1.3 and 1.4.

2.4 Annular Eclipse Elements and Path Tables

Tables 2.1 through 2.7 give elements for the eclipse, as
well as basic characteristics of the annular path. The geocen-
tric ephemeris for the Sun and Moon, various parameters,
constants, and the Besselian elements (polynomial form) are
found in Table 2.1. All external and internal contacts of pen-
umbral and antumbral shadows with Earth are listed in Table
2.2. They include TDT and geodetic coordinates with and
without corrections for AT.

The path of the antumbral shadow is delineated at 5 min
intervals (in Universal Time) in Table 2.3. Coordinates of the

northern limit, the southern limit, and the central line are listed
along with the Sun’s altitude, path width, and central line dura-
tion of annularity. Table 2.4 presents a physical ephemeris for
the antumbral shadow and includes the topocentric ratio of the
Moon’s and Sun’s apparent diameters, the eclipse obscuration,
the path width, the dimensions of the antumbral shadow, and
its ground velocity.

Table 2.5 gives the local circumstances for each central
line position listed in Tables 2.3 and 2.4. Table 2.6 presents
topocentric values from the central path for the Moon’s hori-
zontal parallax, semi-diameter, relative angular velocity with
respect to the Sun, and libration in longitude. In addition,
corrections to the path limits due to the lunar limb profile are
listed. A detailed description of these tables can be found in
Section 1.5.

2.5 Annular Eclipse Local Circumstances Tables

Local circumstances for many cities, metropolitan areas,
and places in Africa, Europe, the Middle East, and Asia are
presented in Tables 2.7 to 2.15. The tables give the local cir-
cumstances at each contact and at maximum eclipse for every
location. The coordinates are listed along with the location’s
elevation (in meters) above sea level. The Universal Time of
each contact is given to a tenth of a second, along with posi-
tion angles P and V and the altitude of the Sun. Two additional
columns are included if the location lies within the path of the
Moon’s antumbral shadow. The “umbral depth” is a relative
measure of a location’s position with respect to the central line
and path limits. The last column gives the duration of annular-
ity. For more information about these tables, see Section 1.6.

2.6 Annular Eclipse Lunar Limb Profile

Along the 2010 annular eclipse path, the Moon’s topocen-
tric libration (physical plus optical) in longitude ranges from
1 =42.4°to 1 = +0.6°; thus, a limb profile with the appropriate
libration is required in any detailed analysis of contact times,
central durations, etc. A profile with an intermediate value,
however, is useful for planning purposes and may even be
adequate for most applications. The lunar limb profile pre-
sented in Figure 2.15 includes corrections for center of mass
and ellipticity (Morrison and Appleby 1981). It is generated
for 7:00 UT, which corresponds to the integral hour nearest
greatest eclipse. The antumbral shadow is then located in the
Indian Ocean at latitude 00° 49.9’N and longitude 67° 52.1E.
The Moon’s topocentric libration is 1=+1.58°, and the topo-
centric semi-diameters of the Sun and Moon are 975.6 and
896.6 arcsec, respectively. The Moon’s angular velocity with
respect to the Sun is 0.236 arcsec/s.

The times of the four eclipse contacts from this location
appear to the lower right in Figure 2.15. The limb-corrected
times of second and third contacts are listed with the applied
correction to the center of mass prediction. The time cor-
rection curves can be used for estimating corrections to the
times of second and third contacts as a function of the posi-
tion angle of the contact. More information on this topic and
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a detailed description of the limb profile figure can be found
in Section 1.8.

2.7 Weather Prospects for the Annular Eclipse

2.7.1 Introduction

During the annular eclipse of 2010, Earth intercepts the
Moon’s shadow during the dry monsoons of January. In many
places along the path, the weather prospects are almost guaran-
teed to be excellent. Alas, the political and social climates are
major concerns, and these factors will have to be considered
when selecting an observing site.

In January, the Sun is far to the south and winter is in its
depths over the Northern Hemisphere. Over tropical regions
of Africa and Southeast Asia, winds turn to the northwest,
tapping the warm dry air of the Sahara in Africa, or the dry
cool air descending from the Himalayas in India and Burma.
Sunshine dominates in most regions, interrupted only where
high terrain or nearby moisture sources provide the forcing
necessary to produce clouds or where the path makes a feint
toward the tropical rain forests of Africa. While moisture is
abundant over the Indian Ocean, the strong inversions created
by air subsiding aloft suppresses the development of clouds and
precipitation. On the north side of the Himalayas, the eclipse
track encounters China’s winter season, with air masses too
cold to support extensive cloudiness.

2.7.2 Africa

Between the arid Sahara Desert and the equatorial rain
forest, lies a climatic region known as the wet and dry tropics
and it is through this zone that the Moon’s antumbral shadow
makes its sunrise contact and early passage across the globe.
Earth’s weather equator or Intertropical Convergence Zone
(ITCZ) has migrated southward to its winter latitudes, permit-
ting the drier continental air from the Sahara to spread toward
the eclipse path. It is not a complete victory for the desert air,
as the track skips along the boundary between the dry and wet
zones and even dips into a nose of moist air over the Democratic
Republic of the Congo (DRC) and Uganda before crossing back
into the sunnier climate of Kenya (Figure 2.2).

At Bangui in the Central African Republic, average Janu-
ary precipitation amounts to only 25 mm and measurable rains
fall on only three days of the month. Sunshine is an encourag-
ing 59% of the maximum possible at Bangui, and probably
as much as 10% higher at the beginning of the track over the
northwestern part of the country. Farther along, where the path
dips into the DRC, the closer proximity of the ITCZ increases
average cloudiness to 65% to 75% (Kisangani: Table 2.16) and
a sunshine frequency of only 50%.

As the lunar shadow’s path reaches the DRC—Uganda bor-
der (Figure 2.4), the terrain changes dramatically, rising from
the flat sierra of the DRC to the elevated plateau of Uganda
and western Kenya. It is a region of complex terrain, with a
highly variable climatology that depends on elevation, airflow,
and moisture supply, all of which change in small scale. In the
eastern DRC, the Mitumba Mountains and their northward

extension are a volcanic chain that rises above 5000 m at Mount
Stanley and at Margherita Peak and brings a heavier cloudi-
ness than the lower plains. Immediately east of the mountains,
along the DRC—Uganda border, the Western Rift Valley carves
a deep trench in the terrain to hold Lake Edward and Lake
Albert. Once past the Rift Valley, the terrain becomes more
sedate, and the eclipse path transits the flat uplands of Uganda
where moisture is readily available because of the swampy
terrain and the presence of Lake Victoria, the largest lake in
Africa. Cloudiness is highly variable (Table 2.16), with average
amounts ranging from 54% to 77% depending on the proximity
of Lake Victoria. Masindi, in central Uganda and well removed
from Lake Victoria, seems to offer the best weather with an
average cloudiness of 54% and perhaps a 70% probability
of sunny weather on eclipse day. Entebbe Airport, along the
shores of Lake Victoria, records a much higher cloudiness, but
its 62% frequency of sunshine is also promising.

Leaving Uganda, the eclipse path moves back into the
rougher terrain that dominates western Kenya (Figure 2.5).
This is a region of tall volcanoes, framed by Mount Elgon
(4321 m) in the west and Mount Kenya (5199 m) in the east, and
cut down the middle by the Eastern Rift Valley. The position
of the ITCZ lies well to the south of Kenya in January and the
country offers the best prospects for sunshine in Africa, in spite
of its rugged topography. Average cloudiness is below 50% at
Eldoret and Kitale, and under 60% in the rest of the western
highlands. The percent of maximum possible sunshine rises
to a surprising 76% at Nairobi and is probably even higher at
Eldoret. Without doubt, there will be some eclipse-watchers
ensconced on Mount Kenya, though there are many other sites
with high sunshine probabilities. The secret is to select a site
in a valley behind one of the many mountains, so that the pre-
vailing easterly winds (that is, winds blowing toward the west)
must flow downhill to an eclipse-watcher’s encampment. A
quick look at a topographic map will identify suitable locations
including Nairobi, Nakuru, Kisumu, Eldoret, and Kitale.

East of Nairobi, the eclipse moves onto the coastal plains
of Kenya and southern Somalia. The north limit is considerably
drier than the south, but the plains are only a little cloudier
than the Kenyan highlands. The explanation lies in the pattern
of the wind flow and the cool ocean currents, which together
conspire to reduce the production of convective clouds in
the region. Temperatures and humidity are uncomfortable
through the lowlands, with daytime highs climbing into the
mid-30s (°C), over 85° F, and overnight lows only falling to
the mid-20s (°C).

Falling temperatures during the eclipse may cause the
formation of fog and low clouds in the high humidity of lowland
regions, though these types of clouds are usually rare in other
circumstances. Eclipse sites should avoid rising terrain where
the winds blow upslope. This is easier said than done, as the
winds across Africa are typically light in the season, and the
winds themselves may change with the eclipse cooling.

2.7.3 India and Sri Lanka

The eclipse path continues to head slowly southward as it
leaves the African coast, leaving its northward turn until about
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halfway to India. This trend keeps the track on the northern
margins of the ITCZ where the highest frequency of convec-
tive cloudiness occurs. At its most southerly extent, near the
Seychelles Islands, the path encounters the most unfavorable
climatology, with a mean cloud cover of more than 70% and a
sunshine frequency of only 40%. By the time the track reaches
the Maldives (Figure 2.7) and its capital Malé (23 km south of
the central line), cloudiness has dropped to only 55% and the
daily sunshine averages 2/3 of the amount possible.

A little farther along, past Minicoy, the antumbral path
reaches the southern tip of India and the states of Kerala and
Tamil Nadu (Figure 2.8). Landfall is near Thiruvananthapuram
(Trivandrum), where the amount of sunshine climbs to 72%.
The dry winter season over southern India is not as cloud-free
as farther north, but the general conditions here are slightly
more favorable than in Kenya. The path through Kerala and
Tamil Nadu gives a high probability of sunshine on eclipse
day. India might be the best location from which to observe
at the north limit, where beading phenomena are at their best.
Climate statistics for Madurai and Cuddalore in Tamil Nadu
(Table 2.16) characterize the north limit of the shadow track;
there is no climate information near the north limit in Kerala,
but Thiruvananthapuram is probably an accurate reflection of
the area. From the cloud statistics, the east coast seems more
suitable than the west. As in Africa, the formation of fog is
a possibility as the ground cools during the approach of the
shadow, but this seems unlikely if winds are light or not blow-
ing in an upslope direction.

Sri Lanka also offers favorable weather prospects, but
the political situation makes it all but impossible to observe
from the island.

2.7.4 Burma and Bangladesh

North-central Burma is a low landscape lying between
two mountain chains, the Arakan Yoma inland from the coast
of the Bay of Bengal, and the Shan Plateau in the west, which
blends gradually into the Himalayan Mountains to the north.
During January, the northeast monsoon is entrenched across
the region, and the flow of air into the lowlands, though much
modified by its passage southward across the subtropical
landscape, retains the dry and stable character of its source
region in Mongolia. Because of the Himalayas, cold Siberian
air cannot reach Burma directly, but must first run through
southern China and across Vietnam and Laos where the terrain
is lower and where heat and moisture are added to the lower
layers of the atmosphere. The region of the eclipse track, being
rather well protected by the eastern mountains, enjoys a nearly
rain-free climatology and abundant sunshine. Burma has the
best weather prospects of any eclipse site along the path of the
Moon’s antumbral shadow.

Mandalay, in the Burma lowlands along the Irrawaddy
River and south of the central line, offers more than 80% of
the sunshine amount possible on a January day. The average
cloud amount is a minuscule 15%—equal to the Sahara on its
best days. January rainfall, though not completely absent, is
only a few millimeters. Satellite observations of cloud cover
(Figure 2.16) place the area around Mandalay among the sun-

niest parts of the globe in January.

The dry northeast monsoon brings favorable weather to all
of Burma, even in the humid air along the Bay of Bengal coast
where Sittwe has nearly the same cloud and sunshine character-
istics as Mandalay. Mountains still have an influence, however,
as Mindat, in the Arakan Yoma, and Lashio in the midst of
the Shan Plateau, have a higher, though still-excellent, aver-
age cloudiness of around 30%. Bad weather, when it comes,
is usually formed on the weak front that develops between the
modified polar air from the north and intrusion of maritime
tropical air from the equator. The frontal zone typically lies
north of the eclipse track, but makes occasional excursions
southward whenever a fresh surge of Mongolian air reaches
the region. January is well outside the cyclone season.

In Burma, a location north (for the central line) or south
(for the beaded zone) of Mandalay offers some of the best
prospects. Highway 1, from Rangoon to Mandalay and beyond,
provides convenient access to the width of the track.

The northern side of the eclipse path can also be reached
at Cox’s Bazarre in Bangladesh (Figure 2.9). One of the most-
visited tourist locations in Bangladesh, it lies 27 km inside
the north limit and boasts the same sunny character as Sit-
twe to the south. Its average cloud amount is even lower than
Mandalay.

2.7.5 China

The accelerating shadow makes its last dash across Earth
in China, moving steadily northeastward to its sunset ending in
the Yellow Sea southeast of Beijing (Figure 2.6). The first part
of the trek is across the rough terrain of Yunnan and Sichuan
provinces, crossing the southern foot of the Himalayas until
finally reaching the flat plains of central China (Figure 2.10). In
January, the Siberian high is at its strongest and coldest, bring-
ing steady northeast winds to the country. This is the season of
the winter monsoon, with frequent southward-moving surges
of cold air. These frontal outbreaks occur at a frequency of
about one per week and typically involve the development of
a low-pressure system along the front that brings extensive
cloudiness and precipitation—a pattern that will be familiar
to North American and European visitors. The cold air is rela-
tively shallow and does not penetrate readily into the high ter-
rain in Yunnan, which retains the sunny character of Burma.

The climate statistics in Table 2.16 show a steady decline
in the percent of possible sunshine along the path, from 74%
in Tengchong to 50% at Zengzhou. Central China, between
Chonggqing and Zengzhou, has the cloudiest weather according
to the satellite observations (Figure 2.16). Farther northeast,
where the dry, cold Siberian air has more influence, the weather
prospects actually improve modestly as the eclipse track
reaches its sunset terminus (Figure 2.14). This is a region that
has the unique distinction of being visited by three eclipses
in three years—two totals and now an annular. A fortunate
observer at Xiangfan would have to travel no more than 100 km
to see all three.

Temperatures decline along with the weather prospects
across China, but it is only northeast of Chongging that freezing
weather becomes a serious possibility, and then mostly at night.
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Along with the colder weather comes the possibility of snow,
but most travelers from the Northern Hemisphere will find that
the weather in China is less severe than that at home.

2.7.6 Summary

Thanks to the dry winter season, good weather can be
found across much of Africa, the Indian Ocean, India, Burma,
and southwest China. Mountains should be avoided, but the
moist air of the Indian Ocean is not inclined to make clouds

and so, only the humidity will interfere with observations of the
eclipse. Southern India is attractive and central Burma offers
the best weather of all. Winds are generally light, fog is rare
(though it may form during the eclipse), and temperatures on
the plateaus are tolerable while those near sea level are hot.

No region is without its cloudy days, however, and quick
movement to a sunnier location is not easily done in rugged
terrain or where roads are limited, so the best advice is to pick
carefully at the start and hope for “climatological” weather on
eclipse day.
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TABLE 2.1

ELEMENTS OF THE ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

Equatorial Conjunction: 07:21:27.24 TDT J.D. = 2455211.806565
(Sun & Moon in R.A.) (=07:20:21.20 UT)
Ecliptic Conjunction: 07:12:28.46 TDT J.D. = 2455211.800329

(Sun & Moon in Ec. Lo.) (=07:11:22.41 UT)

Instant of 07:07:39.03 TDT J.D.
Greatest Eclipse: (=07:06:32.99 UT)

2455211.796980

Geocentric Coordinates of Sun & Moon at Greatest Eclipse (JPL DE200/LE200):

Sun: R.A. = 19h47m51.053s Moon: R.A. = 19h47m25.329s
Dec. =-21°07'38.69" Dec. =-20°46'54.79"
Semi-Diameter = 16'15.54" Semi-Diameter = 14'44.35"
Eq.Hor.Par. = 08.94" Eq.Hor.Par. = 0°54'05.35"
A R.A. = 10.744s/h A R.A. = 122.609s/h
A Dec. = 27.56"/h A Dec. = 480.39"/h
Lunar Radius k1l = 0.2725076 (Penumbra) Shift in Ab = 0.00"
Constants: k2 = 0.2722810 (Umbra) Lunar Position: Al = 0.00"
Geocentric Libration: 1= 1.5° Brown Lun. No. = 1077
(Optical + Physical) b= -0.5° Saros Series = 141 (23/70)
c = -8.8° nDot = -26.00 "/cy**2
Eclipse Magnitude = 0.91903 Gamma = 0.40016 AT = 66.0 s
Polynomial Besselian Elements for: 2010 Jan 15 07:00:00 TDT (=ty)
n X y d 17 1o u

-0.1732440 0.3664046-21.1292992 0.5746956 0.0283960 282.671112

0.4845213 0.1404923 0.0073072 0.0000372 0.0000370 14.997591
-0.0000371 0.0001170 0.0000056 -0.0000099 -0.0000099 0.000002
-0.0000054 -0.0000017 0.0000000 0.0000000 0.0000000 0.000000

w N = O

Tan f1 = 0.0047545 Tan f, = 0.0047308

At time t; (decimal hours), each Besselian element is evaluated by:

a = ap + aj*t + ax*t? + az*t3 (or a = ) [ap*t®]; n = 0 to 3)
where: a=%x,y,d, 11, 1, or u
t = t; - t9g (decimal hours) and tg = 7.00 TDT

The Besselian elements were derived from a least-squares fit to elements
calculated at five uniformly spaced times over a 6-hour period centered at
to. Thus, they are valid over the period 4.00 = t; = 10.00 TDT.

All times are expressed in Terrestrial Dynamical Time (TDT).

Saros Series 141: Member 23 of 70 eclipses in series.
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TABLE 2.2

SHADOW CONTACTS AND CIRCUMSTANCES
ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

AT = 66.0 s
=000°16'33.3"
Terrestrial
Dynamical Ephemeris True
Time Latitude Longitudet Longitude*
h m s

External/Internal

Contacts of Penumbra: P, 04:06:33.5 01°19.3'Ss 030°10.3'E 030°26.8'E
P, 06:51:12.8 49°46.0'N 016°42.4"'E 016°58.9'E
P, 07:23:43.6 68°44.1'N 078°14.4'E 078°31.0'E
P, 10:08:41.1 28°48.1'N 107°54.8'E 108°11.4"'E
Extreme
North/South Limits
of Penumbral Path: N, 06:38:30.2 55°02.1'N 026°15.4'E 026°31.9'E
S 05:22:22.9 23°58.0'S 001°49.9'E 002°06.4"'E
N, 07:36:14.0 68°32.5'N 057°41.0'E 057°57.6'E
S, 08:53:00.5 06°14.6'N 136°39.6'E 136°56.2'E
External/Internal
Contacts of Umbra: U, 05:15:00.9 06°20.1'N 016°01.9'E 016°18.4'E
U, 05:22:21.8 07°39.7'N 014°43.0'E 014°59.5'E
U, 08:52:46.3 37°29.1'N 121°54.8'E 122°11.4"'E
U, 09:00:09.7 36°12.5'N 120°52.3"'E 121°08.8'E
Extreme
North/South Limits
of Umbral Path: N, 05:19:34.2 08°37.1'N 015°47.6'E 016°04.1'E
S, 05:17:54.1 05°21.4'N 014°55.6"'E 015°12.2'E
N, 08:55:34.1 38°24.0'N 120°37.1'E 120°53.7'E
S, 08:57:16.1 35°16.0'N 122°10.1'E 122°26.7"'E
Extreme Limits
of Central Line: C, 05:18:40.7 06°58.7'N 015°22.1'E 015°38.6'E
C, 08:56:28.6 36°49.6'N 121°24.3'E 121°40.9'E
Instant of
Greatest Eclipse: G, 07:07:39.0 01°37.4'N 069°00.9'E 069°17.4'E
Circumstances at
Greatest Eclipse: Sun’s Altitude = 66.4° Path Width = 333.1 km
Sun’s Azimuth = 164.9° Central Duration = 11m07.8s

t Ephemeris Longitude is the terrestrial dynamical longitude assuming a
uniformly rotating Earth.
* True Longitude is calculated by correcting the Ephemeris Longitude for
the non-uniform rotation of Earth.
(T.L. = E.L. + 1.002738*AT/240, where AT(in seconds) = TDT - UT)

Note: Longitude is measured positive to the East.

Because AT is not known in advance, the value used in the predictions is an
extrapolation based on pre-2009 measurements. The actual value is expected
to fall within #0.3 seconds of the estimated AT used here.
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Universal

Time

Limits

05:20
05:25
05:30
05:35
05:40
05:45
05:50
05:55

06:00
06:05
06:10
06:15
06:20
06:25
06:30
06:35
06:40
06:45
06:50
06:55

07:00
07:05
07:10
07:15
07:20
07:25
07:30
07:35
07:40
07:45
07:50
07:55

08:00
08:05
08:10
08:15
08:20
08:25
08:30
08:35
08:40
08:45
08:50
08:55

Limits

TABLE 2.3

PATH OF THE ANTUMBRAL SHADOW
ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

Northern Limit

Southern Limit

AT =

Central Line

Latitude

08°37.1'N

05°36.1'N
02°54.0'N
01°29.3'N
00°33.2'N
00°06.2'S
00°34.2'S
00°53.5'S
01°05.8'S

01°12.4's
01°14.0'S
01°11.3'S
01°04.6'S
00°54.4'S
00°40.9'S
00°24.4'S
00°04.9'S
00°17.3'N
00°42.2'N
01°09.6'N
01°39.6'N

02°12.0'N
02°47.0'N
03°24.4'N
04°04.3'N
04°46.7'N
05°31.7'N
06°19.4'N
07°09.9'N
08°03.2'N
08°59.6'N
09°59.3'N
11°02.4'N

12°09.3'N
13°20.4'N
14°36.2'N
15°57.4'N
17°24.7'N
18°59.4'N
20°43.2'N
22°38.9'N
24°50.8'N
27°28.1'N
30°54.8'N

38°24.0'N

Longitude

016°04.1'E

023°55.2'E
031°38.9'E
036°16.1'E
039°47.9'E
042°43.2'E
045°14.8'E
047°29.2'E
049°30.6'E

051°21.8'E
053°04.7'E
054°40.7'E
056°11.0'E
057°36.4'E
058°57.6'E
060°15.3'E
061°30.0'E
062°42.0'E
063°51.8'E
064°59.8'E
066°06.2'E

067°11.4'E
068°15.7'E
069°19.4'E
070°22.7'E
071°25.9'E
072°29.5'E
073°33.6'E
074°38.6'E
075°45.0'E
076°53.2'E
078°03.6'E
079°17.0'E

080°33.9'E
081°55.2'E
083°22.0'E
084°55.7'E
086°38.2'E
088°31.9'E
090°40.6'E
093°10.1'E
096°10.2'E
100°00.9'E
105°37.0'E

120°53.7'E

Latitude

05°21.4'N

01°10.3'N
00°51.6'S
02°03.8'S
02°52.9'S
03°27.5'S
03°51.7'S
04°07.8'S
04°17.4'S

04°21.4'S
04°20.6'S
04°15.5'S
04°06.6'S
03°54.1'S
03°38.4'S
03°19.6'S
02°58.0'S
02°33.6'S
02°06.6'S
01°37.0'S
01°04.9'S

00°30.5'S
00°06.4'N
00°45.6'N
01°27.2'N
02°11.2'N
02°57.7'N
03°46.6'N
04°38.1'N
05°32.3'N
06°29.2'N
07°29.2'N
08°32.3'N

09°38.9'N
10°49.3'N
12°03.9'N
13°23.2'N
14°48.1'N
16°19.5'N
17°58.9'N
19°48.4'N
21°51.7'N
24°15.2'N
27°14.3'N
31°58.7'N

35°16.0'N

Longitude

015°12.2'E

026°38.3'E
032°56.7'E
037°14.5'E
040°39.0'E
043°31.7'E
046°02.8'E
048°18.0'E
050°21.0'E

052°14.2'E
053°59.4'E
055°37.9'E
057°10.8'E
058°38.8'E
060°02.7'E
061°23.0'E
062°40.2'E
063°54.7'E
065°06.9'E
066°17.2'E
067°25.8'E

068°33.0'E
069°39.2'E
070°44.6'E
071°49.6'E
072°54.4'E
073°59.3'E
075°04.7'E
076°10.9'E
077°18.3'E
078°27.3'E
079°38.4'E
080°52.2'E

082°09.4'E
083°30.8'E
084°57.4'E
086°30.4'E
088°11.6'E
090°03.3'E
092°08.6'E
094°32.7'E
097°23.6'E
100°56.9'E
105°49.4'E
114°52.1'E

122°26.7'E

66.0 s

Sun Path Central
Width Durat.

Latitude Iongitude Alt

06°58.7'N

03°16.3'N
00°58.9'N
00°18.8'S
01°11.1's
01°48.0'S
02°14.0'S
02°31.6'S
02°42.5'S

02°47.8'S
02°48.2'S
02°44.2'S
02°36.4'S
02°25.1'S
02°10.5'S
01°52.8'S
01°32.3'S
01°09.0'S
00°43.1'S
00°14.6'S
00°16.4'N

00°49.9'N
01°25.8'N
02°04.1'N
02°44.9'N
03°28.1'N
04°13.8'N
05°02.1'N
05°53.1'N
06°46.9'N
07°43.5'N
08°43.3'N
09°46.4'N

10°53.2'N
12°03.9'N
13°19.1'N
14°39.3'N
16°05.3'N
17°38.3'N
19°19.7'N
21°12.1'N
23°19.4'N
25°49.1'N
29°00.1'N
34°49.6'N

36°49.6'N

015°38.6'E

025°32.1'E
032°22.3'E
036°48.0'E
040°15.3'E
043°08.9'E
045°39.9'E
047°54.5'E
049°56.6'E

051°48.6'E
053°32.5'E
055°09.7'E
056°41.2'E
058°07.9'E
059°30.4'E
060°49.3'E
062°05.2'E
063°18.4'E
064°29.4'E
065°38.4'E
066°45.9'E

067°52.1'E
068°57.3'E
070°01.9'E
071°06.0'E
072°10.0'E
073°14.2'E
074°18.9'E
075°24.5'E
076°31.4'E
077°40.0'E
078°50.7'E
080°04.3'E

081°21.3'E
082°42.6'E
084°09.3'E
085°42.6'E
087°24.3'E
089°16.9'E
091°23.7'E
093°50.2'E
096°45.2'E
100°26.1'E
105°36.9'E
116°59.7'E

121°40.9'E

o

0

11
19
25
30
34
37
41
44

47
49
52
54
56
58
60
61
63
64
65
66

66
66
66
66
65
65
63
62
61
59
57
55

53
51
48
45
43
39
36
32
28
23
17

4

0

km
371

360
354
351
349
347
347
346
346

346
346
345
345
345
344
344
343
341
340
339
337

335
334
332
330
329
327
326
325
324
323
323
323

323
324
325
326
327
329
332
335
339
344
351
367

373

07m09.4s

07m41.3s
08m09.8s
08m31.7s
08m50.8s
09m08.1s
09m24.0s
09m38.7s
09m52.3s

10m04.9s
10ml6.4s
10m26.9s
10m36.3s
10m44.5s
10m51.7s
10m57.7s
11m02.5s
11m06.2s
11m08.8s
11ml10.3s
11ml10.8s

11ml0.1s
11m08.5s
11m06.0s
11m02.5s
10m58.2s
10m53.2s
10m47.4s
10m40.9s
10m33.8s
10m26.1s
10ml7.8s
10m09.1s

09m59.9s
09m50.2s
09m40.1s
09m29.5s
09ml18.4s
09m06.7s
08m54.5s
08m41l.4s
08m27.3s
08mll.5s
07m52.7s
07m21.4s

07mll.5s
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TABLE 2.4

PHYSICAL EPHEMERIS OF THE ANTUMBRAL SHADOW
ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

AT = 66.0 s

Universal Central Line Diameter Eclipse Sun Sun Path Major Minor Umbra Central
Time Latitude Longitude Ratio Obscur. Alt Azm Width Axis Axis Veloc. Durat.

° ° km km km km/s

05:17.6 06°58.7'N 015°38.6'E 0.9061 0.8210 0.0 111.3 370.7 - 361.0 - 07m09.4s
05:20 03°16.3'N 025°32.1'E 0.9088 0.8260 11.1 112.3 360.4 1817.1 349.5 3.820 07m4l.3s
05:25 00°8.9'N 032°22.3'E 0.9108 0.8296 19.4 112.9 354.2 1025.7 341.1 2.017 08m09.8s
05:30 00°18.8'S 036°48.0'E 0.9121 0.8320 25.2 113.3 350.8 789.6 335.6 1.476 08m3l.7s
05:35 01°11.1'S 040°15.3'E 0.9132 0.8339 29.8 113.8 348.8 666.5 331.3 1.193 08m50.8s
05:40 01°48.0'S 043°08.9'E 0.9140 0.8354 33.8 114.4 347.4 588.6 327.8 1.013 09m08.1ls
05:45 02°14.0'S 045°39.9'E 0.9147 0.8367 37.4 115.1 346.6 534.2 324.8 0.888 09m24.0s
05:50 02°31.6'S 047°54.5'E 0.9154 0.8379 40.7 116.0 346.1 493.9 322.2 0.794 09m38.7s
05:55 02°42.5'S 049°56.6'E 0.9159 0.8389 43.7 117.0 345.8 462.7 319.9 0.723 09m52.3s
06:00 02°47.8'S 051°48.6'E 0.9164 0.8398 46.5 118.2 345.7 438.0 317.8 0.666 10m04.9s
06:05 02°48.2'S 053°32.5'E 0.9168 0.8406 49.1 119.7 345.6 417.9 316.1 0.620 10ml6.4s
06:10 02°44.2'S 055°09.7'E 0.9172 0.8413 51.6 121.4 345.5 401.4 314.5 0.583 10m26.9s
06:15 02°36.4'S 056°41.2'E 0.9176 0.8419 53.9 123.3 345.2 387.8 313.1 0.553 10m36.3s
06:20 02°25.1'S 058°07.9'E 0.9178 0.8424 56.0 125.6 344.8 376.4 311.9 0.528 10m44.5s
06:25 02°10.5'S 059°30.4'E 0.9181 0.8429 57.9 128.2 344.3 366.8 310.8 0.508 10m51.7s
06:30 01°52.8'S 060°49.3'E 0.9183 0.8433 59.7 131.2 343.6 358.9 309.9 0.492 10m57.7s
06:35 01°32.3'S 062°05.2'E 0.9185 0.8437 61.3 134.6 342.6 352.4 309.1 0.480 11m02.5s
06:40 01°09.0'S 063°18.4'E 0.9187 0.8440 62.7 138.4 341.5 347.0 308.4 0.470 11m06.2s
06:45 00°43.1'S 064°29.4'E 0.9188 0.8442 63.9 142.7 340.2 342.7 307.9 0.464 11m08.8s
06:50 00°14.6'S 065°38.4'E 0.9189 0.8444 64.9 147.3 338.7 339.5 307.5 0.460 11ml0.3s
06:55 00°16.4'N 066°45.9'E 0.9190 0.8445 65.7 152.4 337.1 337.1 307.2 0.458 11ml0.8s
07:00 00°49.9'N 067°52.1'E 0.9190 0.8446 66.2 157.7 335.4 335.6 307.0 0.458 11ml0.1ls
07:05 01°25.8'N 068°57.3'E 0.9190 0.8446 66.4 163.2 333.7 335.0 307.0 0.461 11m08.5s
07:10 02°04.1'N 070°1.9'E 0.9190 0.8446 66.3 168.8 332.0 335.2 307.0 0.466 11m06.0s
07:15 02°44.9'N 071°06.0'E 0.9190 0.8445 66.0 174.3 330.3 336.2 307.2 0.472 11m02.5s
07:20 03°28.1'N 072°10.0'E 0.9189 0.8444 65.4 179.6 328.7 338.1 307.5 0.480 10m58.2s
07:25 04°13.8'N 073°14.2'E 0.9188 0.8442 64.6 184.7 327.3 340.9 307.9 0.491 10m53.2s
07:30 05°02.1'N 074°18.9'E 0.9187 0.8440 63.5 189.4 326.0 344.6 308.4 0.504 10m47.4s
07:35 05°53.1'N 075°24.5'E 0.9185 0.8437 62.2 193.7 324.9 349.4 309.1 0.519 10m40.9s
07:40 06°46.9'N 076°31.4'E 0.9183 0.8433 60.7 197.7 324.1 355.3 309.9 0.536 10m33.8s
07:45 07°43.5'N 077°40.0'E 0.9181 0.8429 59.0 201.3 323.4 362.4 310.8 0.556 10m26.1ls
07:50 08°43.3'N 078°50.7'E 0.9179 0.8425 57.1 204.6 323.1 371.1 311.8 0.580 10ml7.8s
07:55 09°46.4'N 080°04.3'E 0.9176 0.8419 55.1 207.6 323.0 381.4 313.0 0.607 10m09.1ls
08:00 10°53.2'N 081°21.3'E 0.9172 0.8413 52.9 210.3 323.2 393.7 314.4 0.639 09m59.9s
08:05 12°03.9'N 082°42.6'E 0.9169 0.8406 50.6 212.8 323.7 408.6 315.9 0.676 09m50.2s
08:10 13°19.1'N 084°09.3'E 0.9164 0.8399 48.1 215.1 324.5 426.5 317.7 0.720 09m40.1s
08:15 14°39.3'N 085°42.6'E 0.9160 0.8390 45.4 217.3 325.7 448.4 319.6 0.773 09m29.5s
08:20 16°05.3'N 087°24.3'E 0.9155 0.8380 42.5 219.4 327.3 475.6 321.8 0.838 09ml8.4s
08:25 17°38.3'N 089°16.9'E 0.9149 0.8370 39.4 221.4 329.3 510.2 324.3 0.919 09m06.7s
08:30 19°19.7'N 091°23.7'E 0.9142 0.8357 36.0 223.4 331.8 555.6 327.1 1.025 08m54.5s
08:35 21°12.1'N 093°50.2'E 0.9134 0.8343 32.2 225.4 334.9 618.1 330.4 1.170 08m4l.4s
08:40 23°19.4'N 096°45.2'E 0.9125 0.8326 28.0 227.7 338.8 710.6 334.3 1.382 08m27.3s
08:45 25°49.1'N 100°26.1'E 0.9113 0.8305 23.0 230.2 343.8 866.2 339.0 1.738 08mll.5s
08:50 29°00.1'N 105°36.9'E 0.9098 0.8277 16.5 233.6 351.0 1209.8 345.4 2.519 07m52.7s
08:55 34°49.6'N 116°59.7'E 0.9068 0.8223 4.4 240.5 366.6 4618.8 358.0 10.219 07m2l.4s
08:55.4 36°49.6'N 121°40.9'E 0.9058 0.8204 0.0 243.2 372.7 - 362.6 - 07mll.5s
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TABLE 2.5

LOCAL CIRCUMSTANCES ON THE CENTRAL LINE
ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

AT = 66.0 s
Central Line
Maximum Eclipse First Contact Second Contact Third Contact Fourth Contact .
U.T. Durat. Alt U.T. P VvV Alt U.T. P v U.T. P v U.T. P V Alt
05:18 07m09.5s 1 - - - - - - - 05:21:10 84 167 06:37:27 83 158 18

05:20 07m41.3s 11 - - = = 05:16:10 264 346 05:23:51 83 165 06:50:06 82 154 32
05:25 08m09.8s 19 04:05:54 264 352 1 05:20:56 262 344 05:29:06 82 163 07:04:02 80 148 42
05:30 08m31.7s 25 04:06:42 263 351 6 05:25:45 261 342 05:34:17 81 161 07:15:34 78 142 49
05:35 08m50.8s 30 04:08:00 262 350 10 05:30:35 260 340 05:39:26 80 158 07:25:55 76 136 54
05:40 09m08.1s 34 04:09:37 262 349 13 05:35:27 259 337 05:44:35 79 156 07:35:23 74 129 59
05:45 09m24.0s 37 04:11:26 261 347 16 05:40:19 258 335 05:49:43 78 153 07:44:08 73 122 62
05:50 09m38.7s 41 04:13:25 260 346 19 05:45:12 257 332 05:54:50 77 150 07:52:15 71 114 66
05:55 09m52.3s 44 04:15:31 260 344 21 05:50:05 256 329 05:59:57 75 147 07:59:47 69 104 68

06:00 10m04.9s 47 04:17:45 259 343 23 05:54:59 255 326 06:05:03 74 144 08:06:47 68 94 70
06:05 10ml6.4s 49 04:20:05 258 341 25 05:59:53 254 323 06:10:09 73 141 08:13:19 66 83 71
06:10 10m26.9s 52 04:22:31 257 339 27 06:04:47 252 320 06:15:14 72 137 08:19:26 65 72 71
06:15 10m36.3s 54 04:25:03 256 337 29 06:09:43 251 316 06:20:19 71 133 08:25:10 64 62 71
06:20 10m44.5s 56 04:27:41 256 335 31 06:14:38 250 312 06:25:23 69 129 08:30:34 63 52 71
06:25 10m51.7s 58 04:30:26 255 333 33 06:19:35 249 308 06:30:26 68 124 08:35:40 62 44 70
06:30 10m57.7s 60 04:33:18 254 331 35 06:24:32 248 303 06:35:29 67 119 08:40:30 61 36 69
06:35 11m02.5s 61 04:36:16 253 328 36 06:29:29 247 298 06:40:32 66 114 08:45:06 60 30 68
06:40 11m06.2s 63 04:39:22 252 326 38 06:34:27 245 293 06:45:33 65 108 08:49:29 59 24 66
06:45 11m08.8s 64 04:42:36 251 323 40 06:39:26 244 287 06:50:34 64 102 08:53:42 58 20 65
06:50 11ml0.3s 65 04:45:59 250 321 41 06:44:25 243 281 06:55:35 63 95 08:57:44 58 16 63
06:55 11ml0.8s 66 04:49:31 249 318 43 06:49:25 242 275 07:00:35 62 88 09:01:39 57 12 61

07:00 11ml0.1s 66 04:53:13 248 315 44 06:54:25 241 268 07:05:35 61 82 09:05:26 56 9 59
07:05 11m08.5s 66 04:57:06 247 312 46 06:59:25 240 262 07:10:34 60 75 09:09:06 56 7 58
07:10 11m06.0s 66 05:01:09 246 308 47 07:04:27 240 255 07:15:32 59 68 09:12:40 56 5 56
07:15 11m02.5s 66 05:05:25 245 304 48 07:09:28 239 248 07:20:31 58 61 09:16:08 55 3 54
07:20 10m58.2s 65 05:09:54 244 301 50 07:14:30 238 242 07:25:28 58 55 09:19:32 55 2 52
07:25 10m53.2s 65 05:14:36 243 297 51 07:19:33 237 236 07:30:26 57 49 09:22:51 55 0 50

07:30 10m47.4s 63 05:19:32 242 292 52 07:24:36 237 230 07:35:23 56 43 09:26:07 55 359 48
07:35 10m40.9s 62 05:24:44 242 287 53 07:29:39 236 224 07:40:20 56 39 09:29:18 54 358 46
07:40 10m33.8s 61 05:30:11 241 282 54 07:34:42 236 219 07:45:16 56 34 09:32:26 54 358 44
07:45 10m26.1s 59 05:35:53 240 277 55 07:39:46 235 215 07:50:12 55 30 09:35:31 54 357 42
07:50 10ml7.8s 57 05:41:53 239 272 55 07:44:50 235 211 07:55:08 55 27 09:38:32 54 357 40
07:55 10m09.1s 55 05:48:09 238 266 56 07:49:55 235 208 08:00:04 55 24 09:41:30 55 356 38

08:00 09m59.9s 53 05:54:43 238 260 56 07:54:59 235 204 08:04:59 55 21 09:44:25 55 356 35
08:05 09m50.2s 51 06:01:34 237 253 56 08:00:04 235 202 08:09:54 55 18 09:47:16 55 356 33
08:10 09m40.1s 48 06:08:42 237 247 55 08:05:09 235 199 08:14:49 55 16 09:50:03 55 356 31
08:15 09m29.5s 45 06:16:09 236 241 54 08:10:14 235 197 08:19:44 55 15 09:52:46 56 356 28
08:20 09ml18.4s 43 06:23:53 236 234 53 08:15:20 235 195 08:24:38 55 13 09:55:25 56 357 25
08:25 09m06.7s 39 06:31:57 236 228 51 08:20:26 235 194 08:29:33 55 12 09:57:57 57 357 23
08:30 08m54.5s 36 06:40:21 236 223 49 08:25:32 236 193 08:34:27 56 11 10:00:22 57 358 19
08:35 08m4l.4s 32 06:49:08 236 218 46 08:30:39 236 192 08:39:20 56 10 10:02:38 58 359 16
08:40 08m27.3s 28 06:58:22 237 213 42 08:35:46 237 191 08:44:13 57 10 10:04:41 59 360 12
08:45 08mll.5s 23 07:08:14 237 208 37 08:40:54 238 191 08:49:05 58 10 10:06:23 60 1 8
08:50 07m52.7s 17 07:19:10 238 205 31 08:46:03 239 191 08:53:56 60 10 10:07:25 61 3 2
08:55 07m21.4s 5 07:34:09 241 201 18 08:51:19 242 192 08:58:40 62 12 - - - =
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TABLE 2.6

TOPOCENTRIC DATA AND PATH CORRECTIONS DUE TO LUNAR LIMB PROFILE
ANNULAR SOLAR ECLIPSE OF 2010 JANUARY 15

AT = 66.0 s
North South
Moon Moon  Moon Topo North Limit Limit Central
Universal Topo Topo Rel. Lib. Sun Sun Path Limit Durat.
Time H.P. S.D. Ang.V Long Alt. Az. Az. P.A. Int. Ext. Int. Ext. Corr.
" " "/s o o o o o ' ' ' ' s
05:20 3256.0 886.6 0.386 2.42 11.1 112.3 109.6 173.5 -2.9 2.9 0.9 -4.2 -8.5
05:25 3263.1 888.6 0.355 2.38 19.4 112.9 107.3 172.4 -2.4 3.3 0.9 -3.6 -10.1
05:30 3267.9 889.9 0.335 2.34 25.2 113.3 105.2 171.3 -2.3 3.2 0.8 -3.3 -11.4
05:35 3271.6 890.9 0.319 2.30 29.8 113.8 103.0 170.2 -2.3 3.5 0.7 -3.4 -12.6
05:40 3274.6 891.7 0.306 2.26 33.8 114.4 100.9 169.1 -1.8 3.0 0.4 -2.9 -13.5
05:45 3277.2 892.4 0.295 2.21 37.4 115.1 98.6 168.0 -1.7 2.5 0.3 -2.9 -14.6
05:50 3279.5 893.0 0.285 2.17 40.7 116.0 96.3 166.9 -2.4 2.1 0.7 -3.3 -15.5
05:55 3281.5 893.5 0.277 2.13 43.7 117.0 93.9 165.7 -2.8 1.7 0.8 -2.8 -16.3
06:00 3283.3 894.0 0.270 2.09 46.5 118.2 91.4 164.5 -2.8 1.6 0.8 -2.8 -17.4
06:05 3284.9 894.4 0.263 2.04 49.1 119.7 88.9 163.3 -2.4 1.9 0.6 -2.8 -17.8
06:10 3286.2 894.8 0.258 2.00 51.6 121.4 86.4 162.2 -1.5 2.2 0.5 -3.0 -18.0
06:15  3287.5 895.1 0.253 1.96 53.9 123.3 83.8 161.0 -1.5 2.8 0.9 -4.1 -17.8
06:20 3288.5 895.4 0.249 1.92 56.0 125.6 81.2 159.8 -2.2 2.9 1.0 -4.5 -17.7
06:25 3289.5 895.7 0.245 1.87 57.9 128.2 78.7 158.6 -2.7 2.0 0.6 -4.9 -17.4
06:30 3290.3 895.9 0.242 1.83 59.7 131.2 76.1 157.4 -2.9 2.5 0.7 -5.2 -17.1
06:35 3291.0 896.1 0.240 1.79 61.3 134.6 73.6 156.3 -3.0 3.0 1.1 -4.9 -16.7
06:40 3291.6 896.2 0.238 1.75 62.7 138.4 71.1 155.2 -2.7 3.1 1.0 -4.4 -16.2
06:45 3292.0 896.4 0.237 1.70 63.9 142.7 68.7 154.1 -2.5 3.6 1.0 -4.2 -16.0
06:50 3292.4 896.5 0.236 1.66 64.9 147.3 66.4 153.0 -3.4 4.1 1.4 -4.7 -15.9
06:55 3292.6 896.5 0.236 1.62 65.7 152.4 64.2 152.0 -3.9 4.6 1.5 -4.2 -15.7
07:00 3292.8 896.6 0.236 1.58 66.2 157.7 62.2 151.1 -4.1 3.5 1.2 -3.9 -15.4
07:05 3292.8 896.6 0.236 1.53 66.4 163.2 60.2 150.2 -4.6 4.0 1.1 -4.2 -15.0
07:10 3292.8 896.6 0.237 1.49 66.3 168.8 58.4 149.3 -4.7 3.7 1.1 -4.5 -14.3
07:15 3292.6 896.5 0.239 1.45 66.0 174.3 56.7 148.5 -4.7 4.1 1.2 -4.8 -13.8
07:20 3292.4 896.5 0.240 1.41 65.4 179.6 55.2 147.8 -4.4 4.5 1.3 -4.5 -13.3
07:25 3292.0 896.4 0.243 1.36 64.6 184.7 53.8 147.2 -4.1 4.9 1.2 -4.3 -12.8
07:30 3291.5 896.2 0.245 1.32 63.5 189.4 52.6 146.6 -3.7 5.2 1.2 -4.2 -12.4
07:35 3291.0 896.1 0.248 1.28 62.2 193.7 51.5 146.1 -3.7 5.7 1.3 -4.1 -12.2
07:40 3290.3 895.9 0.251 1.24 60.7 197.7 50.6 145.7 -4.1 5.6 1.2 -4.0 -12.0
07:45 3289.5 895.7 0.255 1.19 59.0 201.3 49.8 145.3 -4.3 4.9 1.1 -3.9 -11.7
07:50 3288.5 895.4 0.259 1.15 57.1 204.6 49.2 145.0 -4.4 4.5 1.0 -3.7 -11.4
07:55 3287.5 895.2 0.264 1.11 55.1 207.6 48.8 144.8 -4.5 4.6 0.9 -3.8 -11.1
08:00 3286.3 894.8 0.269 1.07 52.9 210.3 48.5 144.7 -4.5 4.7 0.9 -3.9 -10.7
08:05 3284.9 894.5 0.275 1.02 50.6 212.8 48.4 144.6 -4.5 4.8 0.9 -3.9 -10.5
08:10 3283.4 894.1 0.281 0.98 48.1 215.1 48.4 144.7 -4.5 4.7 0.9 -3.9 -10.3
08:15 3281.7 893.6 0.288 0.94 45.4 217.3 48.6 144.8 -4.4 4.7 1.0 -3.9 -10.1
08:20 3279.8 893.1 0.295 0.90 42.5 219.4 48.9 145.1 -4.3 5.3 1.1 -4.0 -9.8
08:25  3277.6 892.5 0.304 0.86 39.4 221.4 49.5 145.4 -4.2 5.5 1.2 4.2 -9.7
08:30 3275.1 891.8 0.313 0.81 36.0 223.4 50.2 145.8 -3.9 6.0 1.3 -4.4 -9.5
08:35 3272.3 891.1 0.324 0.77 32.2 225.4 51.2 146.4 -3.4 5.7 1.3 -4.7 -9.3
08:40 3268.9 890.2 0.337 0.73 28.0 227.7 52.5 147.2 -3.9 5.2 1.1 -5.0 -9.1
08:45 3264.8 889.0 0.352 0.69 23.0 230.2 54.1 148.2 -4.4 4.6 1.2 -5.5 -9.2
08:50 3259.3 887.6 0.372 0.64 16.5 233.6 56.5 149.5 -4.5 3.9 1.1 4.7 -9.4
08:55  3248.7 884.7 0.412 0.60 4.4 240.5 61.3 152.3 -3.8 4.6 1.3 -4.9 -9.0
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Table 2.16: Climate Statistics for January along the Annular Eclipse Path
January Climate Statistics Ps(;gzi':)tl:f Percent Frequency of Sky Condition Calculated | Prevailing| January [\Laityhs ﬁ;ﬁ;aa(;r}e, ﬁ;ﬁ;aa(;r}e,
sunshine Cloudiness wind Rainfall | Rain High Low
Clear Few Scattered | Broken | Overcast | Obscured % mm °C °C

Central African Republic

Bouar * 32.5 14.4 18.7 30.6 29 1 38

Bossangoa * 29.9 214 171 27.8 3.9 0 36 calm

Bangui * 59 20.4 10.5 21.9 40.8 4.7 1.7 49 calm 25 3 32 20

Mobaye * 16 15 15.5 46 4.5 3 53 calm

Democratic Republic of the Congo

Mbandaka 11.6 10.9 5.8 51.4 18.1 2.2 65

Buta 15.6 1.1 6.7 40 26.7 0 63

Kisangani 50 2.6 5.2 9.1 58.4 23.4 1.3 75 53 6 31 21

Uganda

Soroti * 2 9.8 20.6 58.8 8.3 0.5 65

Arua * 63 2.6 9.3 24.4 63.2 0.5 0 62 12 6 30

Masindi* 5.7 211 22.8 45.5 4.9 0 54 5 31 17

Entebbe Airport * 62 1.2 8.9 14.3 52.9 22.8 0 72 S 100 9 29 14

Kampala * 41 0 4.5 8.9 65.2 214 0 77 46 9 28 18

Jinja * 3.8 13 22.1 435 16.8 0.8 63

Kenya

Kusumu 74 3.6 249 22.3 452 3.9 0.2 53 E 48 6 29 18

Kitale* 69 7.9 30.8 17.2 40.5 3.1 0.5 48 E-NE 20 8 27 1

Eldoret* 6.9 28 20.5 42.4 21 0 49 E-NE 34 3 27 5

Lodwar 85 15.8 32.8 20.5 29.8 1.1 0 38 calm 9 1 36 22

Nairobi* 76 75 16.3 20 50.1 6.2 0 57 N-NE 58 4 26 1

Garissa* 67 0.9 2.4 8.7 71.9 16 0 76 S-SE 37 23

Mombasa 71 0 5 26 63.9 52 0 67 calm 34 3 33 22

Lamu* (coast) 0 4.3 25.2 69 15 0 67 E 1 30 26

Seychelles

Seychelles Airport (Victoria) 40 0 2 15.6 68.9 134 0 74 W 379 17 30 24

Maldives

Hanimaadhoo 0.5 51.4 15.6 30.9 1.7 0 41

Male* 67 0 24.7 249 449 55 0 55 75 3 30 25

Kadhdhoo 0 28.2 19.5 43.1 9.2 0 56

India

Minicoy 77 1.7 23.6 36.7 34.5 35 0 50 NE 13 1.7 31 23

Kollam (Quilon) 20 1.2

Thiruvananthapuram 72 4.1 29.7 28.8 35.3 2 0 47 SW 23 1.6 32 22

Madurai* 71 1.4 36.5 18 26.9 7.2 0 42 16 1 30 21

Cuddalore 7 27.7 31.3 30.4 3.6 0 45 29 21

Sri Lanka

Colombo 68 3.2 20.5 25.6 43.6 71 0 56 NE 58 5 31 22

Jaffna 70 4 29 23

Trincomalee 0 12.5 16.3 59.6 11.5 0 67 NE 116 7 28 24

Bangladesh

Cox's Bazar 69.5 14.5 9.9 53 0.8 0 12 9 26 15

Burma

Sittwe* 79 56.5 17.7 13.8 10.8 1.3 0 19 1 <1 28 15

Mindat* 32.2 32.7 15.9 15.9 1.9 14 28 4 19 9

Kalewa* 1.1 48.6 241 1.1 4.6 0.5 32 2 26 13

Mandalay* 82 51.3 32.6 8.5 6.2 14 0 15 4 0.1 29 13

Lashio* 75 19.9 42.1 19.2 14.8 2.6 1.5 31 8 1 25 5

China

Tengchong* 74 11.8 46.8 8.7 28.3 4.4 0 38 16 2.8 16 1

Xichang* 72 25.5 471 3.9 16.2 74 0 29 6 1.2 16 4

Kunming 69 241 32.5 8.4 25.3 9.7 0 38 SW 12 2.2 15 2

Chongqing* 15.8 2 0.7 9.9 71.6 0 80 20 10 10 6

Yichang* 29 21.2 5.7 23 21.8 48.8 0.2 68 19 3.8 9 2

Zengzhou* 51 33.4 9.6 34 24.6 27 2 51 9 1.8 6 -5

Qingdao* 60 36.8 12.3 54 19.2 23.9 24 46 1 1.9 3 -4

Table 2.15: Climate statistics for January are given for sites along the annular eclipse path. Location names with a star (*) are in the annular eclipse path.

Explanation of columns:

Percent of possible sunshine: the average number of daily sunshine hours recorded at the station for the month divided by the duration of daylight.
This is the best estimate of the probability of seeing the eclipse.

Sky condition: Clear means no cloud, few means 1 or 2 oktas (eights) of sky cover, scattered means 3 or 4 oktas, broken means 5 to 7 oktas, and overcast
means no sky visible at all. Obscured refers to a fog layer through which the sky cannot be seen; it is treated as overcast.

Calculated cloudiness: an average cloudiness derived from the frequency and sky cover in the sky condition columns.
Prevailing wind: the most common direction from which the wind blows during the month.

Rainfall: average monthly rainfall

Days with rain: average number of days in January with 0.2 mm of rain or more.

Average high, low: average daily maximum and minimum temperatures for January.
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FIGURE 2.1: ORTHOGRAPHIC PROJECTION MAP OF THE ECLIPSE PATH

Annular Solar Eclipse of 2010 Jan 15

Ecliptic Conjunction = 07:12:28.5 TD (=07:11:22.4 UT)
Greatest Eclipse = 07:07:39.0 TD (=07:06:33.0 UT)

Eclipse Magnitude = 0.9190 Gamma = 0.4002
Saros Series = 141 Member = 23 of 70

Moon at Greatest Eclipse
(Geocentric Coordinates)

Sun at Greatest Eclipse

(Geocentric Coordinates) N
R.A. = 19h47m51.1s | R.A. = 19h47m25.3s
Dec. =-21°07'38.7" = Dec. = -20°46'54.8"
S.D. = 00°16'15.5" S.D. = 00°14'44.3"
H.P. = 00°00'08.9" = 00°54'05.4"

w-— —E

External/Internal
Contacts of Umbra

U1 =05:13:54.8 UT
U2 =05:21:15.8 UT
U3 =08:51:40.3 UT

External/Internal
Contacts of Penumbra
P1 =04:05:27.5 UT
P2 = 06:50:06.7 UT |

P3 =07:22:37.6 UT s
P4 =10:07:35.1 UT . . U4 =08:59:03.7 UT
Local Circumstances at Greatest Eclipse
Lat. = 01°37.4'N Sun Alt. = 66.4°
Constants & Ephemeris Long. = 069°17.4'E Sun Azm. = 164.9° Geocentric Libration
AT= 66.0s Path Width = 333.1 km  Duration = 11m07.8s (Optical + Physical)
k1 =0.2725076 = 1.48°
k2 = 0.2722810 Lo e e by L | b= -0.48:
Ab= 0.0" Al= 0.0" 0 1000 2000 3000 4000 5000 c= -8.81
Eph. = JPL DE200/LE200 Kilometers Brown Lun. No. = 1077

NASA 2010 Eclipse Bulletin, Espenak & Anderson
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